INTRODUCTION
Nitrogen fertilization is a practice commonly used for common bean crops. In the field, such practice is quantified by an empirical visual analysis of the crop or according to the traditional recommendation for each type of soil, based on its chemical analysis. This happens because virtually there has been no technical advance on the recommendation of this nutrient. When N fertilization is not suitable, there is a decrease in grain yield and/or an increase in production costs.
The portable chlorophyll meter, which provides instantaneous readings of leaves in a nondestructive way, is a practical alternative to evaluate the level of N in plants (Yadava 1986) . The soil plant analysis development (SPAD) reading performed by the chlorophyll meter corresponds to the chlorophyll
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content present in plant leaves (Takebe & Yoneyama 1989) , and the chlorophyll content is correlated with the concentration of N in the plant and with crop yield (Schepers et al. 1992 , Blackmer & Schepers 1995 . According to Peng et al. (1993) and Chapman & Barreto (1997) , the chlorophyll meter is a fast and inexpensive way to estimate the concentration of N in plant leaves. For Furlani Junior et al. (1996) , positive correlations between SPAD readings and known N levels, and between readings and contents in leaves, indicate that there are favorable prospects for the use of a chlorophyll meter to detect deficiencies of N in common bean plants.
In addition to the availability of N, several factors, such as plant age, water content and population, farming, availability of other nutrients, environmental stress and biotic factors may affect the measurements of the green color intensity in 1. Manuscript received in Jul./2016 and accepted for publication in Nov./2016 Nov./ (http://dx.doi.org/10.1590 Nov./ /1983 .
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The nitrogen sufficiency index (NSI) obtained by using a portable chlorophyll meter is a practical alternative to evaluate the N levels in plants. This study aimed at determining the appropriate NSI value for leaves of common bean plants, in order to define the need and amount of N to be applied as topdressing, using the Minolta SPAD-502 portable chlorophyll meter. Three field experiments were conducted using a randomized blocks design, with four replications. Nitrogen doses were applied as topdressing and compared with a treatment in which a high dose of N was used as a reference to calculate the NSI, whose value was 95 %. According to the results observed using the chlorophyll meter and the NSI, for each 0.1 percentage point increase in the NSI to reach the adequate level (95 %), it is necessary to apply 1.1-1.5 kg ha -1 of topdressing N. The nitrogen sufficiency index (NSI) is a way of normalizing readings. It is calculated by dividing the average value obtained from chlorophyll readings in samples from an area to be fertilized with N by the average of readings in a reference area which was fertilized with N. This reference area should receive the maximum N dose recommended for the crop to allow a maximum chlorophyll concentration in leaves (Maia et al. 2012) .
For corn, the NSI value used is 95 %. Thus, when the relative percentage of the chlorophyll sample is below 95 %, according to the reading in a given reference area, N fertilization is recommended (Blackmer & Schepers 1995 , Waskom et al. 1996 , Varvel et al. 1997 . For common bean, according to Barbosa Filho et al. (2009) , the application of topdressing N must be performed every time the NSI is lower than 90 % of the reference area. On the other hand, according to Maia et al. (2012) , a NSI of 95 % evidences that bean plants are well supplied with N. Thus, the application of the nutrient is not necessary.
Other studies on common bean, in Brazil, have related SPAD chlorophyll meter readings to N rates applied to a crop (Silveira et al. 2003 , Didonet et al. 2005 , Santana et al. 2010 ). However, Maia at al. (2012) did not advance to quantify the N dose to be applied. In the present scenario, it is understood that this information will contribute significantly to improve the recommendation of N fertilization for common bean.
This study aimed at determining the appropriate NSI value for common bean leaves to define the need and amount of N to be applied as topdressing, using the portable chlorophyll meter Minolta SPAD-502.
MATERIAL AND METHODS
Three field experiments were conducted at the Embrapa Arroz e Feijão, in Santo Antônio de Goiás, Goiás State, Brazil, in 2014 and 2015 /2016 order to obtain more consolidated information. Two experiments were conducted in the autumn-winter (dry season), using the Pérola cultivar, with a center pivot system irrigation, while the other experiment, using the CNFC 15874 lineage, took place in the spring-summer (rainy season).
The experimental area was previously cultivated with corn. The planting spacing was 0.45 m between rows and 12 seeds were sown per meter. The planting fertilization in all experiments was 400 kg ha -1 of the formula 5-30-15. Each plot consisted of 5 rows (5 m in length).
The first experiment was performed on May 8 and the germination occurred on May 13, both in 2014. These dates are important, because the chlorophyll meter (used to quantify the N fertilization) requires a sequence of actions, such as the prior establishment of a reference area. The treatments consisted of six NSI values associated with two N fertilization criteria plus one reference area. A randomized blocks design in a factorial arrangement, with four replications, was used.
On May 21 (2014), eight days after the emergence of beans, a reference area was created with the application of 160 kg ha -1 of topdressing N. The application was held manually next to plants, in grooves dug with a mattock. Irrigation consisted of 8 mm of water afterwards fertilization.
At the beginning of the third trifoliate opening (V4 stage, on May 30, 2014), readings were taken with the chlorophyll meter in the first trifoliate stage (the oldest and consequently fully formed leaf). The NSI was calculated from readings made at the reference area and other plots. Shortly after, six treatments were established, corresponding to an idealized NSI of 95 %, 94 %, 93 %, 92 %, 91 % and 90 %. The NSI treatments were associated with two N fertilization criteria: application of 1.0 kg ha -1 and 1.5 kg ha -1 of N for each 0.1 percentage point lower than the NSI of the treatment. For example, if the initial NSI from readings (SPAD reading on May 30, 2014) was 90 % and the treatment was 95 % (5 % difference), 50 kg ha -1 and 75 kg ha -1 of N were applied in accordance with the two criteria. The same procedure was performed for the other NSI treatments.
SPAD readings in all treatments (average of 15 readings) were made at 9 days after the fertilization of the reference area. The average of readings was 48.63 at the reference plot and 43.32 at the remaining plots. By calculating the NSI of the remaining plots, the average was 89.1 % [(43.32/48.63) x 100]. Using this NSI value, the amount of N to be applied as topdressing in NSI treatments was calculated considering the two fertilization criteria (Table 1) . Then, the topdressing fertilization was performed.
On June 17 (2014), 15 days after the topdressing fertilization, a new SPAD reading was performed. On August 12 (2014), a collection of plants was performed to determine grain yield. Three central rows from each plot were collected, being 1 m discarded on each side of the rows.
The second experiment (randomized blocks), also using the Pérola cultivar, was conducted following a sequence of operations similar to the previous experiment. The sequence was planting (June 09, 2015), emergence (June 15, 2015) , implementation of the reference area by applying 150 kg ha -1 of N (June 30, 2015), determination of the NSI and implementation of treatments (July 14, 2015) and harvest (September 12, 2015) .
Similarly, for the third experiment (CNPF 15874), the sequence was planting (November 12, 2015) , emergence (November 17, 2015) , implementation of the reference area (November 27, 2015) , determination of the NSI and implementation of treatments (December 9, 2015) and harvest (January 26, 2016) .
In the second and third experiments, a different methodology from that used for the first experiment was adopted, aiming at defining the N treatments. The objective was to quantify the amount of nutrient to be applied to the crop. Then, the NSI was determined and compared to the NSI of 95 %, an index reported by Maia et al. (2012) In the first and second experiments, an irrigation meter was used to control irrigation (Silveira et al. 2009 ). Grain yields of all plots were determined and, in the first experiment, the NSI values after the implementation of treatments were determined. Data were subjected to analysis of variance and regression analysis.
RESULTS AND DISCUSSION
The NSI and grain yield of common bean (Pérola cultivar) plants, during the winter harvest of 2014, in relation to N treatments, are shown in Table 2 . There were positive effects of N doses on grain yield. Figure 1 shows grain yields, in relation to N doses applied to bean plants as topdressing. Data fitted a quadratic model (Y = 2579.7 + 10.084x -0.0526x 2 , R 2 = 0.6733, significant at 1 %). The maximum grain yield (3,063 kg ha -1 ) was estimated at a N dose of 95.8 kg ha -1 . Several studies show a positive linear or quadratic response for common bean yield, due to the application of N. The response depends on the cultivar (Silveira et al. 2003) , source of N (Cunha et al. 2011 , Bernardes et al. 2015 , preceding crop ) and tillage system (Silva & Silveira 2000) . Bean is considered a plant with great demand for N (Cunha et al. 2011) (Blackmer & Schepers 1995) . The yield for common bean grains varied according to the NSI (Figure 2 ). Data fitted a quadratic model (Y = -33.471 + 768.71x -4.0506x 2 , R 2 = 0.6184, significant at 5 %). The maximum yield was reached with a NSI of 94.9 %, which may be considered equal to 95 %. This index is also reported by Maia et al. (2012) as the value at which the plants are well supplied with N, requiring no additional application of the nutrient. Barbosa Filho et al. (2009) reported that the application of N should be made to common bean only when the NSI is less than 90 %. For Maia et al. (2012) , a NSI of 90 % evidences the need for the application of the nutrient. A NSI of 95 % is recommended for corn (Blackmer & Schepers 1995 , Waskom et al. 1996 , Varvel et al. 1997 .
Studies such as those by Silveira et al. (2005) and Santana et al. (2010) are limited to relating SPAD values from the chlorophyll meter to grain yield. However, the SPAD value is influenced by many factors, as previously reported. Therefore, the NSI was suggested. Scientific studies on the definition of a NSI for common bean are rare. Moreover, existing studies do not progress toward identifying the NSI value for a given situation, as they do not interpret and recommend the application of N to the crops studied. Thus, it is possible to verify the real importance of the NSI and, consequently, of the chlorophyll meter. Figure 3 shows the NSI as a function of N doses applied as topdressing to common bean plants. The data fitted a linear model (Y = 0.0925x + 86.227, R 2 = 0.931, significant at 1 %). According to the equation, in order to obtain an estimated 95 % for the NSI, the required N dose is 94.8 kg ha -1 , while for a NSI of 94 %, the N dose is 84 kg ha -1 . Thus, for a 0.1 percentage point increase in the NSI, the required N dose is 1.1 kg ha -1 higher. The common bean (Pérola cultivar) grain yield for the different N treatments, established during the winter harvest of 2015, are shown in Table 3 . There were significant effects of N doses on the bean grain yield. The regression equation was fitted as shown in Figure 4 .
According to the fitted equation (Figure 4) , the N dose for the maximum grain yield was 75 kg ha -1
. To obtain the fertilizer adjustment factor, which is proposed to define the fertilization required for a NSI of 95 % (corresponding to a dose of 75 kg ha -1 ), it is necessary to fit the regression equation considering the adjustment factor (0.4 kg ha -1 , 0.8 kg ha -1 , 1.2 kg ha -1 and 1.6 kg ha -1 of N) and the N dose applied (20 kg ha -1 , 40 kg ha -1 , 60 kg ha -1 and 80 kg ha -1 ). The fitted equation was Y = 0.02x (R 2 = 1.00). Thus, according to the equation for the 75 kg ha -1 dose, the fertilization adjustment factor is 1.5.
The yield of the CNPF 15874 common bean grains, planted during the wet season of 2015, as a function of N rates, is shown in Table 4 . There were significant effects of N doses on the bean grain yield. The regression equation was fitted as shown in Figure 5 . According to the adjusted equation (Y = 2,177.3 + 15.897x -0.0635x 2 , R 2 = 0.8507**), the N dose for the maximum grain yield was 125 kg ha -1 and the yield was estimated at 3,166 kg ha -1 . Similarly to the second experiment, a regression equation was elaborated considering the adjustment factors and the N dose applied, as it follows: Y = 0.0104x + 0.0052 (R 2 = 1.00). For the 125 kg ha -1 dose, the fertilization adjustment factor is 1.3, i.e., 1.3 kg ha -1 of N for each each 0.1 percentage point of the NSI lower than 95 %.
The results of the three experiments showed that the maximum common bean yields were 2,559 kg ha -1 , 3,063 kg ha -1 and 3,166 kg ha -1 . Such yields are within the productive potential of the crop obtained by using these cropping systems, which is above 2,500 kg ha -1 (Silveira et al. 2003) . To achieve such yields, the topdressing N doses were, respectively, 75 kg ha -1 , 95.8 kg ha -1 and 125 kg ha -1 . These doses are within those reported for the crop (Silveira & Damasceno 1993 , Silva & Silveira 2000 , Bernardes et al. 2014 .
The correlations between doses and fertilization adjustment factors ranged 1.1-1.5 kg ha -1 of N for each 0.1 percentage point of NSI lower than 95 %. This indicates that this is the range of values that should be applied when using chlorophyll and NSI values for the quantification of N to be applied as topdressing to common bean plants. Under field conditions, besides detecting the need of small N doses, for example, doses smaller than 10-15 kg ha when the NSI is close to 95 %, an economic study of benefits/costs should be considered. The fertilization costs and returns obtained from small increases in yield should be analyzed for a decision-making evaluation, regarding the application of the nutrient.
CONCLUSIONS
1. The nitrogen sufficiency index (NSI) for common bean is 95 %; 2. Using the SPAD-502 portable chlorophyll meter and the NSI, for each 0.1 percentage point increase in the NSI to reach the adequate level (95 %), it is necessary to apply 1.1-1.5 kg ha -1 of topdressing N.
